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Abstract  
This works mention on improvement of power conversion efficiency of dye-sensitized solar cell by addition of SnO2 into ZnO 
photoanode. Power conversion efficiency is achieved by reduction of transfer resistance to induce pathway direction for electron 
transfer in photoanode which observed in term of steady photocurrent density. Dye-sensitized solar cell was fabricated from 
additive SnO2 weight ratio of 3-9% in ZnO nanoparticles and dissolved into polyethylene glycol solution. SnO2-ZnO composites 
were prepared on fluorine doped tin oxide glass substrate by doctor blade technique and annealed at 450 oC for 1 h. It was found 
that the SnO2 weight ratio of 7% showed the maximum power conversion efficiency and fill factor of 1.75% and 0.46, 
respectively. In addition, electrochemical parameters were calculated from electrochemical impedance spectroscopy data under 
standard simulated sunlight. Transfer resistance at the interfaces and electron life time were decreased as increasing of SnO2 
weight ratio, indicated that electron transferring rate was improved. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and Peer-review under responsibility of the Scientific Committee of MIMEC2015. 
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Introduction 
Solar energy provides a clean, renewable and cheap energy source for people, while also serving as a primary 
energy source for other type of energy resources, such as water, bio-energy, wind energy and fossil fuel. 
Conventional energy source such as fossil fuels has contributed to the recent increase in the green house gas effect 
and CO2 emissions, as well as global warming. One way to overcome these issues is by introducing several types of 
renewable energy. The most abundant renewable energy source is solar radiation, which provides very high 
temperature heat that can power up a mechanical engine by converting the radiation in to a mechanical power and 
electricity to drive a generator or a machine. Solar power can also be directly converted into electricity unit by a 
photovoltaic (PV) effect. Single-junction crystal solar cells or single and multi-crystalline silicon solar cells are the 
first generation of PV technology. Second-generation PV technologies introduced a thin film to reduce the material 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://cre tivecommons.org/lic ns /by-nc-nd/4.0/).
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cost. The current third-generation PV technologies incorporate double junctions, triple junctions and 
nanotechnology into solar cell fabrication methods [1]. One example of these third-generation technologies is dye-
sensitized solar cells (DSC) as proposed by O’Regan and Grätzel [2,3], which highly promising as a method for the 
efficient and economical conversion of solar energy to electric power. Advantages of DSC over conventional silicon 
PV include relative easies of fabrication, low production costs, and potential for sensitization over a wide range of 
band gap [4-6]. In order to reach high conversion efficiencies for the DSC, it is important to collect these photo-
generated charge carriers as electric current before recombination. To achieve this goal, the charge carrier collection 
has to be significantly faster than their recombination. However, DSC made of nanoparticles, rely on limited 
diffusion for electron transport; a slow mechanism that can limit device efficiency, especially at longer wavelengths 
[7]. Nanocrystalline TiO2 film is the most successful photoanode of DSC, but there are many defects in the TiO2-
based DSC. Therefore, alternative wide band gap semiconductors, such as ZnO, SnO2, Nb2O5 and SrTiO3 [8-12] 
have been researched to substitute for TiO2 as the photoanode. Among these semiconductors, ZnO is the most 
promising alternative materials for the photoanode of DSC in the future [13].  
In this work, we demonstrated efficient improvement of DSC by addition of SnO2 into ZnO photoanode. Power 
conversion efficiency is improved due to SnO2 has lower conduction band than ZnO and higher mobility of up to 
240 cm2/Vs. It facilitated more efficient electron transfer from excited state of dye molecules to SnO2-ZnO 
composite semiconductor through external load [14].  
 
Experimental 
Commercial fluorine doped tin oxide (FTO) were cleaned in distilled water, acetone and ethanol for etch 10 
seconds under ultrasonic cleaner and dried in ambient. Metal oxide semiconductor was prepared from SnO2-ZnO 
composites by adding SnO2 in weight ratio of 3, 5, 7 and 9% into ZnO and dissolved into polyethylene glycol 
solution (PEG) under stirring at atmospheric pressure for 1 h to form as SnO2-ZnO composite paste. The composite 
past was screened on FTO by doctor blade technique and annealed at 450 oC for 1 h to form as photoanode. After 
cooled down at 50 oC, photoanode was immersed in 0.3 mM N719 dye under the dark at room temperature. After 1 
h for dye-loading, photoanode was rinsed by ethanol and dried in ambient. Pt-electrode was prepared from dissolved 
H2PtCl6 in acetone, dropped onto FTO substrate and sintered at 550 °C for 1 h. Pt-electrode was placed over 
photoanode and sealed to form as DSC. The redox electrolyte, prepared by dissolved 0.2 M LiI and 0.02 M I2 in 
ethanol, was injected into the cell. After electrolyte injection, photovoltaic characteristics were measured under 
standard simulated sunlight (AM1.5). Electrochemical properties were characterized by electrochemical impedance 
spectroscopy (EIS) in frequency ranks of 10 kHz to 1 Hz. 
 
Results and Discussion 
Photocurrent density-voltage (J-V) characteristics of fabricated DSC using SnO2-ZnO composites as photoanode 
were illustrated in Fig. 1. In addition, calculated photovoltaic parameters included short-circuit photocurrent density 
(Jsc), open-circuit voltage (Voc), fill factor (FF) and power conversion efficiency (PCE) are summarized in Table 1. 
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Fig. 1.  J-V characteristics of DSC fabricated on ZnO (solid line) photoanode and additive SnO2 weight ratio of 7% 
(dot line). 
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It was found that power conversion efficiency changed with SnO2 weight ratio, reaching a maximum value of 
1.75% where additive SnO2 weight ratio of 7%. Fill factor was reached maximum value of 0.46 in the same 
condition. Both power conversion efficiency and fill factor were significantly increased up to 18.24% and 21.05%, 
respectively, compare to bar ZnO photoanode. On the other hand, short-circuit photocurrent density was found of 
6.38 mA/cm2, relative decreases 3.04% compare to bar ZnO photoanode.  
 
Table 1.  Photovoltaic parameters of DSC at different SnO2 weight ratio. 
SnO2 
(%) 
Jsc 
(mA/cm2) 
Voc 
(V) FF 
PCE 
(%) 
0 6.58 ± 0.14 0.60 ± 0.01 0.38 ± 0.02 1.48 ± 0.10 
3 6.15 ± 0.21 0.60 ± 0.01 0.45 ± 0.02 1.63 ± 0.05 
5 6.10 ± 0.16 0.60 ± 0.01 0.46 ± 0.03 1.68 ± 0.15 
7 6.38 ± 0.26 0.60 ± 0.01 0.46 ± 0.02 1.75 ± 0.16 
9 6.36 ± 0.66 0.60 ± 0.01 0.43 ± 0.02 1.63 ± 0.06 
 
However, a small decreasing of short-circuit photocurrent density is not a significant relative impact to DSC 
performance compared to larger increasing of fill factor and power conversion efficiency. It is noted that decreasing 
of short-circuit photocurrent density showed suddenly decreased with SnO2 weight ratio from 3 to 5%, while SnO2 
weight ratio from 7 to 9% showed short-circuit photocurrent density slightly increased. This discussion was 
observed according to Fig. 1, DSC fabricated on ZnO (solid line) has lower performance because photocurrent 
density was rapidly decreased at increasing of potential in ranks of 0.20-0.55 V, whereas fabricated DSC with SnO2 
weight ratio of 7% (dot line) showed more steady photocurrent density in the same ranks due to enhancement in 
electron transfer process [15]. Therefore, transferring electrons from excited state of dye molecules were continuous 
transfer into conduction band of SnO2-ZnO composite through FTO, results in more power conversion efficiency.  
Electrochemical impedance spectroscopy was measured in the frequency domain to understanding internal 
process of DSC. Internal charge transfer (electron transfer) in DSC was measured under standard simulated sunlight 
with forward bias of Voc. Nyquist plot parameters are fitted and illustrated using a general equivalent circuit of DSC 
with two series charge resistance showed in Fig. 2(a). Where Rs represents system resistance, R1 represents transfer 
resistance at photoanode/Dye/electrolyte interfaces, R2 represents combination of transfer resistance at 
photoanode/electrolyte interfaces and Pt-electrode/electrolyte interfaces [16,17]. An improvement of DSC 
performance is proportional to fill factor and power conversion efficiency maximum according to Table 2.  
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Fig. 2.  (a) Illustrated Nyquist plots and (b) Bode-phase plots of fabricated DSC with different SnO2 weight ratio.  
 
The maximum power conversion efficiency with additive SnO2 weight ratio of 7% was clearly explained by 
decreasing R1. It indicated that a pathway direction was improved for higher and smoother electron transfer [17-19] 
due to a lower conduction band of SnO2 facilitated efficient electron transfer in SnO2-ZnO composite photoanode 
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[14]. Moreover, the same Pt-electrode is used in all fabricated DSC indicated that decrease in R2 is due to additive 
SnO2. Therefore, efficient electron transfer was confirmed by decrease in R2. Rs, R1 and R2 showed slightly decrease 
as directly increase in weigh ratio of SnO2. The improvement of fill factor was clearly observed corresponding to 
decreasing of Rs and better junction quality of fabricated DSC [20].  
 
Table 2.  Electrochemical parameters of fabricated DSC with different SnO2 weight ratio.  
SnO2 
(%) 
Rs 
(:) 
R1 
(:) 
R2 
(:) 
fpeak 
(Hz) 
W 
(ms) 
0 25.50 18.94 4.08 40 3.98 
3 23.13 16.17 1.53 44 3.63 
5 20.32 16.30 1.46 46 3.46 
7 17.76 15.68 1.30 46 3.46 
9 16.77 15.41 1.69 48 3.32 
 
In addition, the electron life time (W) in photoanode was calculated from characteristic frequency peak (fpeak) of 
the large semicircle corresponds to R1 by Bode-phase plots as shown in Fig. 2(b) following relation [18]; 
 
peakfSW 2
1           (1) 
 
It showed a small fpeak corresponds to a longer electron lifetime, as shown in Table 2. The electron life time in 
photoanode decreased as increased with SnO2 weight ratio due to higher mobility of SnO2 [21], indicated that 
electron transfer in SnO2-ZnO composite photoanode has achieved faster transferring rate. This result relates to 
decreasing of Rs, R1 and R2 which confirmed previous discussion. 
 
Conclusion 
We demonstrated that power conversion efficiency of fabricated DSC using SnO2-ZnO composite as photoanode 
have successfully improved. The maximum power conversion efficiency and fill factor are measured of 1.75% and 
0.46, respectively, with SnO2 weight ratio of 7%. Electrochemical parameters are calculated from measured data 
under standard simulated sunlight and a general equivalent circuit to understanding internal process of fabricated 
DSC. Transfer resistance at the interfaces are decrease as increase SnO2 weight ratio. Moreover, electron life time 
showed decrease in the same conditions. All parameters indicate that electron transfer in photoanode is improved 
due to lower conduction band and higher mobility of SnO2, facilitated more efficient electron transfer from excited 
state of dye molecules to SnO2-ZnO composite photoanode through FTO. Furthermore, these effect leads to 
avoiding recombination in fabricated DSC. 
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